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In the foregoing study (1),  infectivity titrations were employed to measure 
the concentration of influenza virus in portions of chorioallantoic membrane 
in culture medium containing 2,5-dimethylbenzimidazole. This highly sensi- 
tive procedure made possible an examination of the effects of this inhibitory 
compound  (2)  on  the  initial phases  of multiplication of the  virus;  i.e.,  the 
first reproduction cycle. To secure more information on the mechanism of the 
inhibitory action  of alkyl derivatives of benzimidazole,  it was  necessary to 
carry out many experiments involving numerous variables. For this purpose, 
hemagglutination titrations were  employed to  measure  the  concentration of 
the virus. Because of the relative stability of the hemagglutinating capacity of 
the virus and the simplicity and precision of hemagglutination titrations, this 
procedure provided marked advantages. 
To  be  able  to  analyze, with as much precision  as possible,  the results of 
experiments on successive cycles of multiplication of the virus and those on 
the extent of inhibitory activity displayed by a  number of alkyl  derivatives 
of benzimidazole, it was necessary to devise a  precise technique and control 
systematic variables closely. During this study it became apparent that vari- 
ation  in the host tissue, i.e.  the  chorioallantoic membrane of the  chick em- 
bryo, was a factor of considerable importance, one which affected the amount 
of virus produced in vitro under strictly controlled conditions. 
In this communication, the extent to which variation of the host tissue and 
certain  variables  in  the  culture procedure  affect the  hemagglutination titer 
of the medium of infected membrane cultures is analyzed. Hemagglutination 
titer-time curves on the culture medium during multiplication of influenza B 
virus in portions of chorioallantoic membrane in  vitro are  described.  Experi- 
mental conditions are defined under which closely reproducible determinations 
of  the  inhibitory activity of  chemical  compounds  can  be  made  relative  to 
influenza virus multiplication. The inhibitory effects of certain selected alkyl 
229 230  MEASUREMENT  OF  INHIBITION  BY  HE,AGGLUTINATION 
derivatives of benzimidazole  on successive cycles of multiplication of the virus 
are  presented.  In  the  accompanying  paper  (3),  an  analysis  of  the  relation 
between the chemical structure and the inhibitory activity of such compounds 
is presented. 
Materials and Methods 
Culture Medium.--The  medium used for washing and suspension of portions of chorio- 
allantoic membrane consisted of a  sterile salt and dextrose solution buffered at pH 7.2  (2). 
The salts included were Na2HPO4,  KH2PO4,  NaC1,  CaClz, and MgCI~. 6H20, as described 
previously (2, 4). 
Monbranes.--The shells of  10 or  11  day old embryonated chicken eggs were cut  across 
with scissors as indicated in Fig.  1. The contents of the egg were discarded except for  that 
part of the chorioallantoic membrane which lined the portion of the shell containing the air 
sac. The membrane was rinsed with medium, peeled from the shell, and then washed with 
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Fro. 1.  Method of obtaining chofioallantoic membrane from embryonated chicken eggs. 
The egg shell was cut with scissors along the plane indicated by the wavy line. The contents 
of the egg were discarded except for that part of chorioaUantoic membrane which was at- 
tached to egg shell portion 1. Egg shell portion 2 was discarded. 
medium. The washed membrane was transferred to a  Petri dish and areas of gelatinous ma- 
terial which were found near the attachment of the allantoic vein and the cut margin were 
removed. Then the membrane was cut into 4  pieces of approximately equal size and each 
piece was  transferred into a  large test tube  (inside diameter,  25  ram.)  containing culture 
medium. 
Membrane Surface Area.--Paper replicas of pieces of membrane were prepared and weighed. 
The ratio of the weight of the replica to the weight of 1 cm.  ~ of paper gave the surface area• 
The mean area of 24 pieces from six 10 day old eggs was 5.75 cm.  ~ with a standard deviation 
of 1.01. The area of the entire allantoic membrane of four 10 day old eggs was 121 cm.  ~ with 
a  standard deviation of  18.9.  This is in good  agreement with previous measurements (5)• 
From these values it is evident that only 4•75 per cent of the entire allantoic membrane was 
used in each culture. 
Membrane Weight.--The average wet weight of a  piece of membrane with a  surface area 
of 5.75 cm.  2 was 37•05 mg., and the dry weight was 2•65 rag. The standard deviations were 
4.5 and 0•31, respectively. 
It has been reported (6) that the chorionic layer of the membrane supports multiplication 
of influenza A virus to a much smaller degree than the allantoic layer. Therefore, it is probable 
that in the cultures used in these investigations multiplication occurred largely in the allantoic 
layer of  the suspended membrane. On the basis of previous estimates that the number of 
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membrane is 10  s'95. As a result of studies in the intact egg (5, 7, 8), it appears probable that 
all ailantoic cells are capable of supporting the reproduction of egg-adapted influenza viruses. 
Virus.--10 or 11 day old embryonated eggs were used for preparation of Lee virus seed. 
Dilutions of infected aUantoic fluid were prepared in cold buffered saline containing 50 units 
of penicillin and 250 ~tg. of streptomycin per ml. A  10  -z  dilution was inoculated into  the 
allantoic sac; each embryo was given 0.1 ml. The virus used for the preparation of seed had 
been passed serially with a 24 hour period of incubation. The seed virus itself was  harvested 
after 28 hours of incubation at 35°C.  The eggs were chilled at  -28°C.  for 30 minutes,  the 
allantoic fluid was removed, pooled, and promptly stored at -60°C. in individual tubes which 
were used but once. These short intervals of incubation were used because, with the inocuium 
employed, maximal infectivity and hemagglutination titers were reached in about 28 hours. 
This technique made it possible regularly to obtain seed virus with an infectivity titer  of 
10  -9.5 EIDr0 per ml., which contained a relatively small proportion of non-infective virus. 
Culture Procedure.--Intact  pieces  of  membranes,  measuring  on  the  average  5.75  cm.  2, 
were purposely randomized and were suspended in 0.9 ml. of culture medium or a  solution 
of benzimidazole derivative in the same medium contained in large test tubes (25 by 150 ram.). 
Immediately thereafter, 0.1 ml. of Lee virus, diluted in cold medium, was introduced to give 
a final concentration of 105.5 EIDs0 per ml.; a ratio of approximately 1 EIDa0 to 28 aUantoic 
cells.  The tubes were closed tightly with rubber stoppers and incubated at 35°C. with con- 
tinuous horizontal shaking at  70 to 90 oscillations per minute. After the desired period of 
incubation, the medium was withdrawn and the concentration of virus was measured by the 
hemagglutination technique. 
Incubation of Cultures.--Speclal equipment was employed for the incubation and continuous 
shaking of large numbers of cultures. A  specially designed electric incubator  1 containing a 
large horizontal shaking machine was used. The heat from the motor of the shaker was dis- 
sipated by means of a  large vent pipe connected to an exhaust fan on top of the incubator. 
With this arrangement, the temperature was maintained at 35°C.  ~  0.2.  The shaker racks 
accommodated a total of 216 culture tubes. 
Hemagglutination Titrations.--Handblown  test tubes  2 with hemispherical bottoms and an 
internal diameter of  10 mm.  were  used.  Serial dilutions of  culture medium were  made in 
buffered saline in 0.5 ml. volumes. To each dilution, 0.5 ml. of a 0.36 per cent chicken RBC 
suspension was added. RBC suspensions were standardized in a Klett-Summerson photometer 
on the basis of packed cell volume determinations. The tubes were shaken and the hemag- 
glutination patterns were read after 1 hour at 21°C.  A  strong partial agglutination pattern 
(2+)  was taken as the end point. If one dilution showed  1+  agglutination and that next 
below showed 3q-, the end point was taken as the geometric mean of the two dilutions. In 
all experiments except  those on variation in  the host tissue,  groups of 6  or more cultures 
were used per variable, and the geometric mean titer of the individual cultures was computed. 
Analysis  of Variation.--The  results of experiments on the extent of multiplication of Lee 
virus in membrane cultures were submitted to statistical analysis. The principles of analysis 
of variance were followed (9-11). Determination of variance was performed with logarithms 
of the hemagglutination titers rather than the titer values themselves, because the distri- 
bution curve based on arithmetic titer values is markedly skewed. To obtain the variance of 
a  set of measurements, the sum  of the squared  deviations from the mean was divided by 
the degrees of freedom (10). The standard deviation s ---  ~v/v~.  Variation among groups 
was analyzed with reference to variation within groups; e.g., the variance for groups of cultures 
with pieces of membrane from different eggs was related  to  the variance for cultures with 
pieces of membrane from the same eggs.  The ratio F  (10)  of the two variances was the sta- 
1 Manufactured by American-Lincoln Incubator Company, New Brunswick, New Jersey. 
2 Manufactured by Associated Glass Products Company, Gaithersburg, Maryland. 232  MEASUREMENT  OF INHIBITION BY HEMAGGLUTINATION 
tistical measure used to compare degrees of variation. If critical values for F were exceeded, 
it was concluded that  differences  among the cultures were present  (10).  When the signifi- 
cance  of  differences  between  two  means  required  statistical  evaluation,  the  t  test  was 
applied (10). 
EXPERIMENTAL 
Effect  of Certain  Variables  upon  the  Hemagglutination  Titer  of  the  Culture 
Medium.--In  order to  develop a  uniform  membrane  culture  procedure  which 
TABLE I 
Extent of Variation in Hemagglutination Titer of Medium after Multiplication  of Influenza  B 
Virus in Various Amounts  of Chorioallanto~ Membrane in Vitro 
Membrane culture 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
22 
64 
64 
128 
89 
128 
64 
64 
64 
128 
64 
32 
Amount of membrane, cm.2 
11.5  [  11.5  I  7.7  ]  5.75 
Volume of medium, ml. 
I  I  I  1.o 
Hemagglutlnation tlter* of medium~: 
128  32 
128  256 
64  32 
64  64 
256  45 
64  128 
128  32 
128  64 
89  89 
128  177 
128  45 
16  128 
91.6  70.8 
I  45 
32 
256 
128 
22 
256 
32 
32 
256 
128 
128 
256 
Geometric mean ............  66.8  89.1 
* Expressed  as  the  reciprocal. 
Determined 36 hours after inoculation of 105"5 EID60 per ml. of Lee strain. 
would  yield  as  high  a  degree  of  reproducibility  as  possible,  relative  to  the 
amount of virus produced,  it was necessary to examine the effects of a  number 
of variables on the results  obtained  with this in vitro  technique. 
In all experiments, the following procedure was employed: Pieces of chorioallantoic mem- 
brane  obtained  from  11  day  old embryonated  eggs were separately  suspended  in  culture 
medium which contained  109"5 EIDs0 per ml. of Lee virus. The cultures were incubated as 
described  above and  after  36  hours  each medium was withdrawn.  The hemagglutination 
titer of the medium from each culture was measured separately. 
Amount  of  Membrane.--In  these  experiments,  pieces  of  membrane  which 
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was suspended in either 1 or 2 ml. of medium. In Table I, the individual hemag- 
glutination  titers  obtained  with  groups  of  12  cultures  containing  various 
amounts  of  membrane  and  medium  are  shown.  Although  there  were  wide 
differences in the titers of the medium from individual  cultures,  the geometric 
mean titers for the four groups were similar.  To determine  the significance of 
the differences between the mean titers,  the t test (10) was utilized.  The values 
of  t  which  were  obtained  indicate  that  the  probability  that  the  difference 
between any two means was due to chance was greater than 0.4 in half of the 
cases  and  that  in no  case  was  this  probability  smaller  than  0.2.  It appears, 
therefore, that small variations in the amount of membrane used did not signifi- 
cantly affect the titers obtained. 
Preparation oJ Membrane.--In these experiments,  pieces of membranes were 
prepared in different ways. 
Membranes from 6 eggs (group 1) were washed only once with culture medium and blood 
vessels were left in situ. Membranes from another similar group of eggs (group 2) were washed 
three times with the medium, the larger blood vessels were excised, and the membranes were 
then washed  once more to remove blood.  Each membrane  was cut into two pieces (11.5 
cm.  ~) and each piece was suspended in 2 ml. of medium. The remainder of the procedure was 
identical with that described above. 
The  hemagglutination  titers  of  the  medium  from  the  individual  cultures 
were closely similar  to those shown in Table I. The geometric mean titers  for 
the  two series  of 12  cultures  each  were  1:94 and  1:61  with  groups  1 and  2, 
respectively. Computation showed that the probability was 0.3 that this differ- 
ence was due  to chance.  It appears,  therefore,  that  small variations  in tech- 
nique  of  preparation  of  membranes  did  not  significantly  affect  the  titers 
obtained. 
Membranes from Individual  Eggs.--Membranes from 20 eggs were each cut 
into  4  pieces  (5.75  cm3)  and  each  piece  was  used  in  a  separate  culture  as 
described  above.  The  individual  hemagglutination  titers  found  with  the  4 
cultures  from  each  membrane  are  shown  in  Table  II.  The  geometric  mean 
titer of all the cultures was 1:77.8. The individual  titers  obtained with pieces 
of membrane from the same egg fell within a  +  1.5-fold range in 70 per cent of 
instances. On the other hand,  the geometric mean titers of membrane cultures 
from  different  eggs  fell  within  the  same  range,  around  the  grand  mean  of 
1:77.8, in but 45 per  cent of instances.  In the remaining instances,  the titers 
showed deviations from the grand mean ranging from 1.6- to 2.9-fold; in two 
instances, to more than fourfold. As shown in Table II, the standard deviation 
among pieces of membrane from each egg  =  0.24 log unit,  while that among 
membranes from different eggs =  0.34 log unit. 
The significance of this variation  between membranes from different eggs was estimated 
by means of the F  ratio  (11). Thus, the degree of variation  between different membranes 
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F  of the two variances was found to be 2.12 which exceeds the critical value of F  at 5 per 
cent significance level  (10).  This indicates that the likelihood that such  large  differences 
TAI~LE II 
Extent of Variation in Hemagglutination Titer of Medium after Multiplication  of Influenza  B 
Virus in Vitro in Pieces of Chorioallantoic Membrane from Individual  Eggs 
Membrane cultures from egg No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Hemagglutinstion titer of medium* 
Pieces of membrane  . 
1  4 
~28-  --128 
32 
512 
64 
178 
45 
178 
128 
64 
89 
64 
64 
45 
128 
256 
32 
89 
22 
89 
256 
L  2  i  3 
8  178;t 
128  128 
16  32 
128  128 
64  89 
45  64 
89  64 
54  32 
54  128 
/.2  45 
1,5  22 
~5  8 
54  128 
3 54  256 
32  32 
1 ~.8  89 
.>2  32 
128  128 
512  256 
1 
16 
178 
128 
128 
128 
64 
89 
32 
128 
32 
128 
512 
64 
128 
32 
128 
512 
Geometric mean 
150 
29 
163 
27 
150 
75 
89 
97 
53 
89 
38 
53 
27 
106 
326 
38 
106 
27 
116 
355 
Geometric mean ...............................................  77.8 
,  (log 1.89 4- 0.32) 
Degrees of freedom among pieces of membrane from each egg  --  60; among membranes 
from different eggs =  19. 
Standard deviation among pieces of membrane from each egg (s~) --- 0.24 log unit; among 
membranes from different eggs (s~) =~ 0.34 log unit. 
2 
SV 
F=~=  2.12. 
S~ 
* Determined 36 hours after inoculation of 106"s EIDs0 per ml. of Lee strain. 
This piece of membrane was much larger than the others. 
occurred on the basis of chance is less than 1 in 20. Therefore, the differences are probably 
significant. In different batches of eggs, the degree of variation between eggs was not constant 
and batches were encountered in which the ratio F  exceeded the critical value at 1 per cent 
significance level (10). Thus, it appears that membranes from different eggs may vary in their 
ability to support Lee virus multiplication. I.  TAM~  K.  FOLKERS,  AND  F.  L.  HORSFALL,  JR.  235 
As a  result of these findings, the following procedure was used as a  routine: 
Pieces of membrane from different eggs were purposely randomized in setting 
up groups of cultures for experiments and no fewer than 6 membrane cultures 
were  included  in  a  group.  Throughout  the  experiments  described below,  as 
well as in those presented in the accompanying papers  (1,  3),  this procedure 
TABLE III 
Extent of Variation in Hemagglutinalion Titer of Medium from Duplicate Groups of Randomized 
Membrane Cultures of Influenza B Virus 
Exi~riment  No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Hemagglutination titer of medium 
Group  1" 
84 
167 
56 
72 
79 
118 
94 
188 
53 
71 
75 
Group 2* 
100 
89 
84 
63 
149 
112 
53 
79 
45 
67 
141 
Geometric mean 
92 
122 
69 
68 
109 
115 
71 
122 
49 
69 
102  J 
r 
Geometric mean ..............................................  '  86.2 
I (log  1.94  =k: 0.12) 
* Geometric mean titer of 6 separate cultures determined 36  hours after inoculation of 
105.6 EID~0 per ml.  of Lee strain. 
Degrees of freedom between groups in each experiment -- 11; among geometric means of 
two groups in different experiments =  10. 
Standard deviation between groups in each experiment (s~) =  0.15 log unit; among geo- 
metric means of two groups in different experiments  (s~) =  0.13 log unit. 
sy 
F  =  ~  =  0.82. 
was  followed  in  order  to  avoid  systematic  errors  attributable  to  variation 
between membranes from different eggs. 
Extent  of  Variation  with  Randomly  Distributed  Membranes.--Experiments 
were carried out during 6 months on the multiplication of Lee virus in groups 
of  cultures  containing randomly distributed pieces of membrane.  These  cul- 
tures represented part  of the  control groups for experiments reported in  the 
accompanying  paper  (3).  The  experimental  conditions  were  identical  with 
those described above. For the present analysis, the results obtained with two 
groups of 6 cultures each in 11 separate experiments were used. 
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duplicate  groups of 6  cultures  was not marked  and  had  an average value  of 
1.5-fold. The F  ratio of the variances was computed in order  to compare the 
variation between duplicate groups in the same experiment with that between 
different experiments.  The values found indicate  that the extent  of variation 
between experiments performed on different days was no greater than that with 
duplicate  groups  prepared  on  the  same  day.  The  absolute  titer  found  with 
duplicate groups throughout the period of 6 months showed a  mean deviation 
of only 0.12 log unit (standard deviation  --  0.13 log unit). 
On the basis of the mean hemagglutination  titer of 1:86.2 and the standard  deviation of 
0.17 log unit for all the groups of cultures shown in Table III, "confidence limits" can be com- 
puted (9-11) for any desired level of significance with one or more groups of control cultures. 
Table IV gives the 95 and 99 per cent confidence limits for 1 to 4 control groups. For example, 
if only one control group were included in an experiment, then the chances would be 19 out 
TABLE IV 
Computed Reproducibility of Hemagglutination Tiger of Medium from Groups of Randomized 
Membrane Cultures of Influenza B  Virus 
No. of control groups 
Confidence  limits 
f  95 per cent  [  99 per cent 
Range of hemagglutinatlon tlters 
40-187  32-234 
50-148  42-175 
55-134  48-154 
59-126  52-142 
of 20 that the titer would fall between 1:40 and 1 : 187. As can be seen from the data shown in 
Table IV, when the number of control groups is increased from 1 to 4, there is a consider- 
able increase in precision. 
In the experiments described in this paper and that which follows (3) knowl- 
edge of the  "confidence limits"  (10)  made it possible  to determine  promptly 
from the  titers  of  the  control  groups  whether  the  results  of  an  experiment 
were  compatible  with  those  of previous experiments.  Of even greater  impor- 
tance,  such information permitted  a  reliable  assessment  of the significance of 
changes in virus titer when an inhibitory substance was present. 
Hemagglutinatlon  Titer-Time  Curves.--The  multiplication  of the  Lee strain 
in pieces  of chorioallantoic membrane in  vitro,  as reflected by changes in the 
hemagglutination  titer  of the  culture medium, was studied  under the strictly 
defined experimental conditions described above. 
The hemagglutination  titers  of the medium found at various times in three 
separate experiments are shown in Fig. 2. Each point represents the geometric 
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10  ~'+ EIDso per ml. of Lee virus, an adequate concentration of virus is present 
after  23  hours  of  incubation  to  permit  reliable  hemagglutination  titrations. 
Although some cultures showed measurable amounts of virus at earlier periods, 
many did not and therefore mean titers for groups of cultures at intervals of 
less than 23 hours were not computed. The rise in the hemagglutination  titer 
of the  medium was approximately linear  on  a  logarithmic scale  between  23 
and  30 hours  after inoculation.  Mter  30  hours,  the  rate  of increase  in  titer 
rapidly decreased and after 36 hours no significant further increase in concen- 
tration of virus was observed. 
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FIG. 2. Hemagglutination titer-time curve of Lee virus in the medium of a virus culture in 
the chorioallantoic membrane in vitro. Initial titer EIw of virus in the medium was 10  -4'5. 
It was important  to determine  whether  the  alteration  in  the  curve which 
occurred between 30 and 36 hours  of incubation  was due to deterioration  of 
the membrane resulting from the  conditions  of culture  in  vitro.  To test  this 
possibility,  membranes  were  prepared,  incubated,  and  shaken  in  the  usual 
manner,  but  virus  was  not  introduced  until  10  hours  after  incubation  had 
been started.  As can be seen in Fig. 2, the titers found under these conditions 
at various intervals after inoculation corresponded closely with those obtained 
at similar periods when pre-incubation of the membranes was not carried out. 
During the logarithmic phase,  the rate of increase in the hemagglutination 
titer  of  the  culture  medium was  considerably lower  than  that found  in  the 
membrane during the first cycle of multiplication in the preceding study (1). 
It  should  be  emphasized  that  the  latter  rate  represents  the  increase  in  in- 
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observed  in  the  present  study  represents  the  increase  in  hemagglutinating 
virus released into the suspending medium after successive cycles of multipli- 
cation.  The data are in accord with  the evidence presented  in the preceding 
report (I) on infectivity-time curves in the membrane and, on the basis of the 
estimate of the number of ailantoic cells available, indicate that the supply of 
susceptible cells was exhausted by 25  to 30 hours.  All three lines of evidence 
point  to  the  probability  that,  under  the  experimental  conditions  used,  only 
two  cycles  of multiplication  occur  and  thereafter  little  or  no  further  repro- 
duction  of the virus takes place because of the lack of additional  susceptible 
host cells. 
Present  evidence  (1,  12)  indicates  that  the  release of influenza virus from 
infected allantoic cells takes place in a  trickle rather than in bursts, and that 
there  is  an  appreciable  time  lag  between  the  completion  of  infective virus 
particles  and  their  release  from such  cells.  The  new  virus  particles  appear 
to be both infective and capable of causing hemagglutination (1,  5). It should 
be emphasized that, by 36 hours, approximately 96 per cent of the virus formed 
in membrane had been released into the medium  (1).  It appears that,  under 
the conditions employed, measurement of hemagglutinating virus in the culture 
medium provided a  reliable indication  of the  extent of multiplication  of the 
agent in membranes in vitro. 
Effect of Alkyl  Derivatives  of Benzimidazole  on ttemagglutination  Titer-Time 
Curves.--As  was shown in  the  preceding paper  (1),  the yield of infective in- 
fluenza  virus  during  the  first  multiplication  cycle  in  membrane  cultures  is 
markedly reduced in the presence of 2,5-dimethylbenzimidazole. The concen- 
tration of infective virus in the membrane per se was not studied  later than 
36  hours  because  it  seemed  clear  that  release  of  the  virus  into  the  culture 
medium and  inactivation  of the  infective property would  affect the  results. 
In  the  present  study,  the  concentration  of  hemagglutinating  virus  in  the 
culture medium was studied during periods as long as 70 hours in the presence 
of various amounts of an inhibitory compound. 
Pieces of membrane, approximately 11.5 cmfi each, were used; each piece was suspended 
in 2.0 ml. of medium containing I0  ~'~ EIDs0 of Lee virus per ml. Six cultures were used per 
group and various concentrations of 2,5-dimethylbenzimidazole were added to the culture 
medium. Incubation was carried out as described above. At intervals, 0.5 ml. of medium was 
withdrawn from each tube for titration  of hemagglutinating virus. In this manner changes 
in fiter with time could be followed with the same membrane cultures throughout the entire 
experimental period. Because of the successive  removals of medium for titration, the volume 
of fluid into which the virus was released progressively diminished and therefore the titers 
found at the late intervals may have been unduly high. 
Fig.  3  gives the  results  of a  representative experiment with  three  concen- 
trations of 2,5-dimethylbenzimidazole. Nearly parallel hemagglutination  titer- 
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and during 70 hours of incubation the titer of virus in the medium of cultures 
containing the  compound did not reach  that  of  comparable  controls.  At  a 
concentration of 0.0017 ~, the compound caused marked inhibition of multi- 
plication of the virus throughout the entire experimental period. Both at  46 
and  70 hours,  the extent of inhibition was approximately 95  per cent.  This 
value is in agreement with that found by infectivity titrations on the membrane 
(1) at the end of the first cycle of multiplication. In the latter case, a  somewhat 
higher  concentration  of  2,5-dimethylbenzimidazole  was  employed.  At  the 
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FIG. 3.  Degree and persistence of inhibition of Lee virus multiplication as related to the 
concentration of 2,5-dimethylbenzimidazole. Initial titer EIr.0 of virus in the medium was 
10~.6. 
lowest concentration used, i.e.  0.00076  ~,  the substance caused only a  slight 
degree of inhibition and the titer of virus in the medium of the treated cultures 
eventually approached that in the controls. 
In an earlier report (2), it was demonstrated that the capacity of membranes 
to  support  virus multiplication is  not irreversibly altered  by prolonged  ex- 
posure to 2,5-dimethylbenzimidazole. Additional experiments bearing on this 
point were  carried out.  Inoculated membrane cultures were  incubated with 
the  compound,  0.0025  ~,  for 42  hours  and  then  were  transferred  to  fresh 
medium free of the substance. The hemagglutination titer of this medium was 
determined after an additional 26 hours of incubation. It was found that the 
amount of virus finally produced by membranes so treated was closely similar 240  MEASUREMENT  OF  INHIBITION  BY  HEMAGGLUTINATION 
to  that produced in  comparable  control cultures.  This  occurred even though 
99  per  cent  inhibition  of multiplication  was  demonstrated  with  the  treated 
group before the membranes were transferred to inhibitor-free medium. Thus, 
it appears that the persistent inhibition caused by 2,5-dimethylbenzimidazole, 
as  illustrated  in  Fig.  3,  is  not  due  to  irreversible  damage  of  the  metabolic 
machinery involved in virus multiplication. 
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Fro. 4.  Degree and persistence of inhibition of Lee virus multiplication  as related  to the 
concentration of selected alkyl benzimidazoles. Initial titer EIr~ of virus in the medium was 
10-4.s. 
The  results  which  were  obtained  with  benzimidazole  and  two  other  alkyl 
derivatives  at  two  equimolar  concentrations  are  presented  in  Fig.  4.  With 
the  least  active  of these  inhibitors  (3),  i.e.  unsubstituted  benzimidazole,  the 
titer  of virus at $2 hours was essentially the same in the treated  groups as in 
the  controls.  With  the  S-methyl  and  4,6-dimethyl  compounds,  the  degree 
of  inhibition  relative  to  concentration  and  time  was  analogous  to  that  ob- 
tained with the 2,5-dimethyl compound. Thus, in the presence of a compound 
with  low  inhibitory  activity or with  low  concentrations  of more active  corn- I.  TA.M~, K.  FOLKERS,  AND  P.  L.  I:IORSFALL, JR.  241 
pounds,  the amount of virus produced approached that in controls when the 
period of incubation was prolonged.  This would be expected if, as suggested 
previously (1), the inhibitory effect were attributable to reduction in the rate 
of biosynthetic processes  necessary for reproduction  of the virus.  When  an 
active  compound was present  in  sufficient  concentration,  persistence of the 
inhibitory effect was demonstrable throughout the period studied. 
DISCUSSION 
The  fact  that  isolated  chorioallantoic  membrane  from  the  embryonated 
chicken  egg  supports influenza  virus multiplication  (13,  14)  has provided a 
basis for the  development of in  ~itro  techniques  (2,  4,  15)  which  have im- 
portant  advantages  in  the  study of various  aspects  of virus  multiplication 
and inhibition of this process by chemical  compounds. The following features 
merit  emphasis: The host tissue is a  very thin  membrane,  only one surface 
of which,  i.e.  the endodermal,  appears  to be associated with influenza  virus 
reproduction  (6).  The  membrane  is  isolated  from  all  other  components  of 
the embryonated egg and  is suspended in a  chemically  defined  medium.  To 
this  extent,  it  represents  a  much  simplified  host-cell  system.  Susceptible 
cells of relatively constant age and  of approximately known number  (5)  are 
readily accessible to the virus as well as to compounds included in the medium. 
Continuous shaking  during  incubation,  as used in  this study, prevents local 
accumulation of solutes and facilitates gas exchange  necessary for metabolic 
activities of the membrane. 
-Under  the strictly controlled conditions employed in this study and  those 
described in  the accompanying papers  (I,  3),  the extent of reproduction  of 
influenza  B  virus,  Lee strain,  in  membrane  cultures  is  closely  predictable. 
Despite  the  variation  observed  in  membranes  from  different  eggs,  it  was 
possible by employing purposeful randomization  of pieces of membranes and 
the use of 6 cultures per group to obtain good reproducibility of the absolute 
hemagglutination  titers  of the culture medium.  With  two groups of control 
cultures, the probability is 0.95 that the deviation from the expected geometric 
mean  titer will not exceed  0.23  log unit in different experiments.  With four 
groups of control cultures, this value is diminished  to 0.17 log unit. 
The employment of membrane cultures under the precise conditions described 
made it possible to determine with  considerable  precision  the inhibitory ac- 
tivity of a number of related compounds, as is shown in the accompanyingpaper 
(3).  Variables  introduced by differences  in  degrees  of solubility, absorption, 
transport,  and  excretion which might  markedly affect results  secured in  an 
intact  animal  host could be neglected.  Only differences in the readiness  with 
which  compounds enter allantoic cells, if inhibition is in fact due to an  intra- 
cellular reaction, need be considered  as an unknown quantity. 
That the inhibitory effect of alkyl derivatives of benzimidazole  is not limited 242  MEASUREMENT  OF  INHIBITION  BY  HEMAGGLUTINATION 
to  the  first  cycle of  multiplication is  evident from the  results  obtained  in 
this study and those which preceded it (1, 2). With 2,5-dimethylbenzimidazole, 
the extent of inhibition as determined by hemagglutination titrations on the 
culture medium after the second cycle of multiplication was almost identical 
with that found by infectivity titrations on the membrane per se at the end 
of the first cycle (1).  This finding provides support for the idea that the in- 
hibitory activity of a  compound may be  assayed as  accurately by in  ~itro 
measurements on the medium (3)  as by the much more difficult procedure of 
infectivity measurements in vlvo on the membrane. 
SU~r~RY 
The  activity of  compounds which  inhibit  the  multiplication of  influenza 
virus can be measured in chorioallantoic membrane cultures in vitro by means 
of hemagglutination titrations on the medium. Studies on the reproducibility 
of virus reproduction in membrane cultures have revealed the major variables 
which affect the results and thus have led  to the development of a  precise 
technique.  Under  strictly  controlled  experimental  conditions,  the  extent  of 
reproduction of the virus in membrane cultures is predictable within narrow 
limits of variation. 
With 105.s EIDs0 of influenza B  virus, Lee strain, and 5.75 cm.  ~ of  chorio- 
allantoic membrane per mi., the ratio of infective virus particles to susceptible 
allantoic cells appears to be approximately 1:28. Under these conditions, the 
evidence indicates that two cycles of multiplication occur and nearly maximal 
hemagglutination  titers  are  found  with  culture  medium  at  36  hours.  The 
extent of the deviation in the absolute titer in different experiments was only 
0.112 log unit. 
At  a  concentration of 0.0017  ~,  2,5-dimethylbenzimidazole caused inhibi- 
tion of the multiplication of influenza B virus, Lee strain, which persisted for 
at least 70 hours as  measured by hemagglutination titrations on the culture 
medium. The degree of inhibition was closely comparable to that demonstrated 
by infectivity titrations on the membrane at the end of the first cycle of virus 
reproduction (1). 
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